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Abstract: 

A multilayer dielectric stack is provided which has alternating layers of 
a high-k material and an interposing material. The presence of the 
interposing material and the thinness of the high-k material layers reduces or 
eliminate effects of crystallization within the high-k material, even at 
relatively high annealing temperatures. The high-k dielectric layers are a 
metal oxide of preferably zirconium or hafnium. The interposing layers are 
preferably amorphous aluminum oxide, aluminum nitride, or silicon nitride. 
Because the layers reduce the effects of crystalline structures within individual 
layers, the overall tunneling current is reduced. Also provided are atomic 
layer deposition, sputtering, and evaporation as methods of depositing desired 
materials for forming the above-mentioned multilayer dielectric stack. 
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n-k ^^EiM^^oi mcH^ ^'S^i Urn ^^oi ^ii^^iqi-. ^^m^oi ^imn eez)- h- 

w ^ siLh. n-k A|S5^ 3f-^H^ t^t.\m^ & 5101 Hi-^^3i^[.i:h Ul^ 

^^Am ^-^tvs ^\tm m^m ii^oi-^ ^^s.^k\. m ii^s, ^itiEig^ ziei:q 
£ 1^, ol^^5^^e^E ik^^ s^ti^ ^^nm uekh^ ?h^^ Er^EoicK^fiH:?!^). 

£ 2^, a-# ±z^Am SSitis ^ixflS LfEHH^ e^EOICK 

E 4^. ^ei^ i:f# AmiCHi ^^^^ m\ s-^e uekh^ Ei-S£oiEh. 

£ 7^, CHI^I TilOjE u^g^ 0|g5H31 B ^-S^ ^AhM ^^^'"CHI SiCHAI^ ^i^BTIll UEf-LH^ 7H^^ 

E 8^, £ 721 :iAI-CHI CH^I-OI S&tl- Sgg ^^tSoKS 2Hf2J ggg UEHH^ :?H^^ 9S£ 

□ICK 

E 9^, B ^-321 a»-ai}i|A1EJ BTlieS ^AiEOIEK 
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?<Ifl2J Si VLSI MOS 4:XKHH1 TflOlM S2ai(9ate dielectric)gA1 SiObg A^St^CK :i:»2J 371 

^JW ttlL^ g,^:i:aoiO^ t^CK 2 Ub:D|Ei(nni) DlSf^J ^\W)\ SEHOil a:?EIIl SICK 3aU, SiO, ^% 
m mm Eiag S^Ctunneling current):?^ CKSOil CH2^^ HQ^" §fi7^ 

aCK SS^^^M M§S >ilO|E o^ij^ cgTfl ^ ^ SiHHS Eiag 3g 

^Xiie ^^tWEJQ. a gAIAICHlAi Ol^dh I2-k(high-k) ^Sxil^'-OIEU^^^ Ol^^t^4»EI^(Hl tJloSAi ^2 
^4:7^ 3m gSISf^ 3!0ID. ^Xtm^^^"^ ^^^^"^ CH^MeiOI. CH 

lOaa 3 TiioiM ^33^ 1§M Ah^mS HHr?S.%^ SOICK 

n-k sst^ioii m^^i gi^, aEist s^tis xiizs 3& 

ZieMHlAI 1^^ ^ILnm ^^AlgJEh^ gOIQ, □ ^SK 5>o| QH^ 7i^*>fl ^Q. 5301 71^711 

£19 Saai^^Ofl 2!S*^ M^S^LHOil gag*! S7I§0I ^EHSQ. OlEit! mqSFET ?i|0|E 

^Eiag ei^HAI. CMOS 4^XKH^ >ilOiM SSxfl^AI K5 ran MQ^ SIO.^e^e 

A^g^^ ^ SQ. tjXB> SiOrSJ CHx-ilMll ^^71 g£2i^ 9^7^ StSHi2 Si^Llh TiOrSF 
TeL^0.7F ^^£111 2iCK DEiLK Oiyg(post deposit ion anneal ing), S 7113 SiO.^# 

£1 ^^2:^ 358 A1, SiO.^ ^Jffl (equivalent SiOr thickness, iT^M ^JJil(equlvalent 

oxide thickness(EOT)))g 1.5 m 013-^g i8r|-^ 21^ PH? QlSa. 

2x-{)^3 5hM ^OiEEIAl SrH £E^ EiyH eCHAIPIXI S^^SAI, ^'^^Hj SXilSg ST 

H-k ^23i5,^0L MOS MS!AI:6E1LH^ TflOIMZ^^SF 3 Oj-SI^H xliyg^Z^ ^3 iT^^^AI Af^^ ^ 2i 
Q3 Hfir^^O. 

H-k S2!x|H|-0L 3 5301 y 71^3. ggi^Oj ^^£Dj £E^^ 2^7^ 7^S£I5E^ S^l 4^ £ID3 
0^^^^'^" 01^^ o7qA.4.:7^ ^j) bll^^3 M^OI S^tl^ej 71I0IM ^^xfl2^ E^^^ 

3H IB AlEi (shortage capacitor)^ A^gl ^ °ia3 blFg-^^O. 

^Sx^l XllSSCf. I14c AJ-t^EIEtediO.). ^^t^A|25^(ZrO,), ^^t^^^^sCHf 0,), 

Wl(TaA) dhM ^' ::^^MEm ElEfe ^AmiE((Ba, Sr)TtO,)^ Oi^Di^J 52:^^Ei ^Ifj^-it^lH. 

^m^EieCSiN Si.N*) 0|Ai-tf4'EI2(SjOJ^^i^E1 d^-i|£IOI. B^if^tJ 31^ <i^t^&?Ols. M 

Ufg^j^Pl^^, 114:: ^» 4^^M^#0I inCHS^SS SOI SEH7l&2j S^tl^LH^I OjAfth^EI 

S i^S 3-k 3§fiA1 ^^x-|j2j ^^01 ^^:i:EI7iU HHXilSCf. ^^%2X Ei^g 

a^l ^^4:AI7I^Qjh 01^ ^7J2| ;H<3AI2jQ. ^iJeil ^017^ 3§S eOj ^7^£I3 EI^H 

5IS7F ^013 ^OI°l SS^lfS. i^^SP^l^ IH< M§ gfA^°J S5*^^4:M CUEt 

^aaCK gas SF^ i^lJOe ^It^ #y 2?4^^, #MAi^ tlili !?1)B 3EI3 S^EI^ 4^X1-21 

SEt!, Sf^Xfl 7IS- ^lOil ^017^1 XIII ^3xfl XiMS ^l&ll ^OIT^I 3V=: Wl ^Sx^l 

«I2S ?|Oil ^«7^1 Sl^Oj. XeieHF ^^t.^ MIS Ol^OiS Xil3#^ ^2!x|l ^^-J? 3 

M ^1011 ^oj:;g si^ s^i ^tm^-. s^tis(ic)g ^^xii7^ xiissek ^st-fi ^^^i -^g^ 

^^71 3SEt Hh2^ g-Q. ^Sx^l litHoj gjfl Bl^^^ispi^^ 20 LHAI 200 AOID. 

S ^^S°l CM ^♦AIDjlQil \m S^tlS ;?^xflS. TilOISS^SK TflOIS^i^ O^eHlHl ^017^1 ^3 ^[H7I 

531 i;:^^ xfiys^sH xin ^sxii es# xiii ssxiig. xiia wmm m s 
5!x-ii#, SI ;idii ^2x1162^ mmm Tiioies^iiF aya^ ^ch7i 53 awioii ^^aacH 
24= m simfs ^loiM saw mos egixii^iiEioicK 

e ^'S2J ^'AIDIIQfl 2451-3. ^*EI^ 7l5riIF ^23x11 :::i^-i12j Ami&fl ^^El^^ (oxidation 

barrier)! *7^S 5tJt^£S/)M. SSxfl OfEHOil ^EI5 7imHS 20|£l^ 211 

miU. 3 7113 l§(interfaceinaterial)& It^W^OIs. Itf^EIS S ^AI^tf^S^HS 01^012 
2£g^Ei <3«i!SCK 

SIS b|£x^} ojQi, igefoii aoiAi. 715 ?iM c^# ^^ixfl 

^ ^^^01 XIIS&CK a a^^s: 



9-2 



^2(K)1 -00821 18 



b) ai saffl# ^100 M2 ^Emmm s«o^s e^n; s 

c) m ?!M. SI1 ssa MiiSF est? ^sjhi 5tmh^ 3313 e?a 

a^(atotDic layer deposit ion)gM 2J5|| ^^£I^Cil, 01^ ^^mW i^tmm ^^oh 

Al ±u|Eiag S 5%^ll£ 21Q. 

MAIM ?iti(:^^^i^3^ ^^mm mn'U 1^ seH:?ig2j sa^^oi ^^ti^do ^^j^, ^ 

^t}. Sh^S MOS MSAlid^Ei^ E 1 H 7|Ef E^OilAi UEhy< Um m\. ^^g^(21). EEll°]g^(23) 
a §E ^eiS^(27)M ^^CK 0I§^ SSA^gO^Tl}^ SAia 2!0|H^, Ol5^(HIAi^ □ 01^^ 

^Al agsra 8f:?|g E^Q. B SAAAISJ OmKHIAI^, B »S0| M§1 OlSt-^ 

^^mm^ 4 2i§g 2>^^SPI NOS MS!XI:f^E1 TflOlM :?53E!l(10)aB SAItl ^3^xflg § 

s sxiepi ^lei-oi, oi^nh^Eie ^5!x-ii#(i6)2j s£ti^±^\m^t.^[. \c±xm BJHsize)' 
^ m^^^2.^^ xByg^(i5)24 mom ^ti-CK e ioiiai m^ol a loi^ i^^^^^ ?jioi^^i^(i8) 
21 goi2^ ^Q, 3 SOW Tii^^^s ^:i:Si(Hi cciEh ayg'^^j ^-^oi scf. ms^^m ^ 
m[7\ ^loiiAi. oi>ir5f4'Ei^#2i g^^aoio^ Eta. oi^i^t^^Ei^ a;?^^ ^my\ 20 

Asss DH^ iionjCHi im Eiyn 2^:?^ ^-^EiB^ cm im^ mm^ Ahgoi ^ 

HeWI CHS.^^ Mgg ^'g H-k' PS'OIEfH 0F^CiL OlS 3 glSOl OI<ytF4'EI2Dil HltH ^ 

X|S5i^(ZrO.^), Aht^^^^^(HfOr). ^iTs^^^^^KTaA) I1EIJ2 mm ^' EjEhs ^AmiE((8a. 

sr)Tjo,) mm m ^ ^o. ^^'±^n^. um mm^ m^'^ se^ ^^hj ^sewAi. 

Dg^^^ ^^i-ii^ ^t^Ai?!^ xiun s^CK oim Qig^j ^s^iis 21^11 ^ymo. 

^^x-IP^^^EI^ ^^^EITiU HH^HSIQ. ^"-Sl^^ UI^^^OIOiAi, ojSt^ ^LHOII ISa^^ 
^'01U~ 2 Ey ^'±M9\^ XiyCK i^g- H-kSg XIUJl S^^l KJI^CHL IStPh gOlU 

EiEfE HliS^ =?^xi\m ^^tl-tHI a^CK fcJI^ til^g^ ^^Eil^OI idhe^S^^I- SiFAIEl". B 

11 E~ C^^§^ ^^x^lM M^M ^Al B ^"g^J 210IQ. 

5E 2011 Ai. S^tl^ ^2^x11(110)::?^ ei^Ex^j :'(£K1I2)2J ^^S^(tl4) ?|01l ^^EICH S^CK S^tl^ ^ 

^ai^. E IMA12I o|A^tf^el5 ^2j^jS(i6)M Lum~ cm ^sxi ±^-ii(]i6)# ?>^Q. cm ^2! 

Xfl #^3*^(114) ?|CHI ^^Ei#(130)^. nan ^^#(130) ^IDjj I2-k#(140)M ?.^^Q. 

4^^S(130)€. <i^th^^Dls(Al,a), ^tF^^DIs(AtN), IS^EieCSIN E^ SUM) E^ 
OI<:i^t^4'EI^(SiO,)^S OI^OiTil SiSLK Hh^^tt ti^S^^^aisOIEK 4^gJ#(130)2J J^]Ji|^ 50 A 
DI°^OICK J2-k#(140)E n-k SSxfl OI^CHT^l SiCh JQ-k ^2x^lMlSA1^. irt^EIEm(TiOr)> 

A^t^7:|S5§(2rOr). >l^thoeS(Hf Or), <yt^&W€(Ta.^05) aEIIl Um S! ElEte 
^AmiE((Ba, Sr)Tia) §01 2{^LK H^SSItr 5^ E^ >^tl5S&0|Ef, M2 

B ms2j Hfir^it.^ ^^Ai(«i(Hi 21519. ^'y\ mmo\ "i^ei^cil «ii pdi 

A|.a/ZrOyAl.A/ZrOyAl.Q,/Zr0.3 ^01 ^tg^Ql-. 

E 30iiAi a^oL #M2j 3H4: E^ ijj&ig °^Q\ ^mm ^ 2iCK #01 ^7m cm ^mi\ 

^^n ssgifoi mm^t^B^. ic :±:AmAi r^^\^ «s(hi ?fA^^^2i z£^oi m 

&^tm 01^011 4: SiCf. S£tl. Il-k#(140)OI ^^•#(130)5ia S!» §|5jaES, g§o| y|.3;i 
^ 5!E 7[^t[Cl 

^^ymiA] #2i 214^ ^^im g^l 2!S5|-S^LK S^^S^SAI ^E2J #§ 2E B ^^s 
2J ^^ILHOil St^SEK S^(ll8)Ii|- ^^26W 71191 4^ Si~ S|^^#0| 4 ^Ef. 

4^ss(130)m ^^^^^ mm^A]^. 3 4^^eoi g^ehdii ^^i^m i^m §^2j ^^^^ 

4 SIE^ 2g i!^-i^£lQ. 4^ej#(l30)OI d!tM S^H^AI ^t[7\U, Il-k#(]40)0| O^EH 

Oil ^Ei? s^ei:hi & s^Era. e 4oiiai s^oi, ^i-£xfl ?ie(ii2)iif cm ^mn 

±^(UB) AfOIOil 6^5^ 1.^^(170)01 XilSSD. B ^^SOIlAi ^JMOflAi. i^a &^£SAi 
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AIOHI UEKHH SQ. Si-fl ?ilOliii(212) ?i(H!, :Q-k mm^(23Qm ^Sg§^(240)M 51131^ ^^7H ^ 

'SM9\ m^tiSi^m Urn ssa ^^^^(216)© ««t.K:K a Qg, s^#(218)m sxa m\m 

a^2^ s^tis ^^nm ^^tio^ ssmoi ^tssioi ^my^ str^ se^ :?^xfl 
mm ^^^L^D. 

SEt?, B &^S2J Q# CH^ mm ^l^g-g (substitute gate toanuf acturir^ 

in8thod)(HlA1 AhgEPIOfl ^t^^U. im TflOie^, U^Ofl^ XilTiEISE^ o,^ Q^yj^* ;^q|e i^^^i 

2j s^gioi 2iCK oiibi^ mm m?\^ n oiiyi^ Tiioie qi^xii:?^ sisje soil :?h 

SE 7^ Bnm UEHHH Si^OI. 4^Seg#(330)2^ I2-kMlS(340)# inCHS ^^AIS a# S?3 
Jtil :ite!S(316)l t!«oH2, am TIIOIMM :^H?^M ?\B{3\2) ?IM S^#(3i8) 

M ilSjAiaCK 5Ftt:7|?||30^g(cheinical laedianical polish) ££S 7IEF2J SSCHI ^MM. S&t^ 

M^OIl) ?IOij S^HS^EI CF# ^33 :i:^#(316) g S^#(3I8)0I i^STiaCH £ aWAI 

^^S^(4I4) ^2Q. Om ^Sx-fl ::!i^(416)0| ^gtl^ §e.^ Q# ^^(422 g| 424)01 tJ-)W 
S^&CK d^ir^jeplg^ g^^S EI01 2^^ S^(4I8)0L Q# ^^(422 S 424) AmiMAI, Q# ^3 

s &'S2j ^nmm £ smai ^h^^sjo^ uehhsid. saas stiksio)^ e^sx^i ^^ism xlIss^ 

^ 37II0ID. B WSSi CHS^^ ^AIOBSAI, &Sim 7\B m\ t.m SSAia ^£ 21Q. 

oim^^EiSim^m s-s ^^aii, d-5raEf^(Tio.o, -iii-tmMsa^czrao. <:i^tf5es(Hfo.^), A^ 

tf&Wl(Ta,Q,) aaH OFl S ElEte ^AmiE((B^, Sr)Tja)2^ H-k gl^ £1. 50 A 

&?ti(530)^, n-k mm ^mmmB Bms^DMM m^^m mmm bo Au\^m ^mm 

B tl^e^t.^ m^mm BI^FS. 'l±g|-a(pujsed) CVD* -^JXH^ # CHI ul^'-AI (atomic layer 

epitaxy) -Ef-n ^icH7:i~ £iXF^ # m mm Ammo\ gf^ m^mm y\B m\ 

m^t}€[. m S CVD)g m^^^^nchemisorptjon)0|EH3 WQT^ t^^^M 

Omti-Q. sm^^^OilAL :7iAV(gas phase)£| M^'OI SSQil g-^T^^H ^ShSCH ^^oCT ^IQK 

CH^^SJ m^'^^ m^'M^mM^ MEI^-^^(physisorption) S^l xljg§feCij, 01^ ^Etl 1711^^^ 

siOiAi OH^ ^^t.^ es-Aia 4: 21Q. mm mm. mm^5i^arz\^m o\mm ^'7\ e 

^Stl-H. StCTS^s M±^m iaAI(purging)tl 3 531 4:g7KHrO)Dil in^AIUS^^, 

m7\ OB S^Jfl^Ai^, 7:!S3sAmi^(Zr(}0Pr)J ^ XlS5i^ EilMEFOi!^ 

^&CIS^L1IOI£(Zr(trahd)je M ^ S^CK tmif^^^> ^OiS gttxilM CH^M QH^ XiltJ"S S^l 

^ ^£2F 2.^^QilAi gCMya. 0111 mO\. IrCh SI H-(e Olg^hOl. 300 *c£j SEOilAi, {!l^5^7:|S 53^01 

4*Ei? ^101) a^a^ m^i^ ?iu. s§oi stSEis e^s^oi ^sa7i ajisDii, *7^s^ei 
B^'#Hj g:?K}ij MCf gf^ A^twMsa^^^oi ^ssq. si^f^ ^ib^ n-k ggoi a^EiTii a 

Oi, PM^ mm}\m emiE£F0liE(DMAH)2h H^g A^mra Abag igat.CK S^ai(precursors) 

» B^mm m^^^m ommii ^mM^. mslil^ ^mm mtm ssf^ §ggg ^i^twi s 
acK ol^^*^ si^* oiqi;j g^^^ §^qoj ^gg, £o,£i:7| ^^§1 

ias§F^ 5, nsin g£ s' s-^m ^mv ^ 21^ ^^°jLii, n-k mm^y ^^aggoii ch^b Qg 4= 

CK # il^^OAF^ # CVD)g lt?{|A"i. 10 AD1°^ b^iT^^PI^^ CH^^ 2 LHAi 5 A 

^fflisj #g M^-u ^ 2iEK yi§ aA^s! # asioi g^ias uEfuxiE.^ &s.n 

7m ?i(Hi 2^^^s\ mm ii^Ai?i7i ^itr sg^s! se^^ axa s;^e§w 

Al^lg Olgtfe as CH2^^ B3(target)g ii::itiE1 (gutter )5ra i3-kll ££ 

= L'^mmy ^'mm mm^^ ^oick n^s, ^^s:^ ^ ^ ^h^i ^seis Eh2ioi Ahg^iQf, o^ig ^ 

CH. A|S2^o^ g EhSllh W^0|&:2^ S e^USi EF>L»0| Afgl 4= Si Eh ^^^tej £^>ji- g^i 

Ali^l ^mt\7\ ^mO\ X}xmSi^ A|E1(shutter)l AlLjH SD. ^-llOlffll Bm\0\ §1^ ISBiUIOil ^ 
^CK 3 Qg, $410lit|g LHAI 500 *cH| S£S 7FgttCK CF§:2:g. 0^s^]lf <i^^2j ^ttmm il 
^ gbUHOB JEStrCK atfllHWL CH^' 930 W IHAI £kW2| ±mEi^ iLf94g gEeOPh 4SSSEK m 

mum EBSS /^Ei7f mm^m7m^ mm i lhai lo^ se> geiAi ?-jioiffl ?idii w^oi^g m^ti ^, 

&4JEK S^DIh EF3S ME\7[ A|S3h AlE17h CH^^ 1 LHAI 20S §2.^ gBlAI TjaS&g ?JIOI 

ffl ^01) CFg, grtlCK §SbHLH2l if:!^^ &'D1&0K ?IIOIia gAIOfl. B3S gHOI 
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am b:§Ai?ii3, CH^' 1,000 LHXi 2,000 xsj 2£g :?^§Al?ls sg Jjfflsra, a :7issjoi a. 

fflEIHOll 3S3SK)1 *IIH1A1 Si^tt LHgiU ^gsjog ggefCK 9IMAI SJSth UKHS. MEm AJSSKM 

^AioaiMAi^ ^a#oi ji-ksaa sja asjaxish, a-ksi seises a^jshe ?!£e s irgsi 

g9|LH(HI StfSa. £E«Lt SgJII ^If Um^ #01 M^t^ slS tlTIU EE^ 0^5,^ @0| CKg g§£ 
ElOt S= 312} gOL EIE^ fll^Sf^ 3£ S ^^S2J g^lOfl StfEiQ. 

&711(540)MA1^, SJo^^ 234^51 #0| asj^ [Qlim- B?1l(520)2^ 97||(530)M &^H:K 2| #2| &|SJ 
M 2J0IA1, /dEI as 4.c>g OISSKM AlZfg 51«Ch 

971) (550)^. OjeS, a= Si2^ 4^4:21 StTMg gSS S^PILHMAI ££= i+i, 4=S 

a. H^i^s!s^7lss 4oo iH?a 900 ics ^sm9\ oiy§§ 2-k#2^ gg, zm 

9fll(560)=, 2^1 asjSffl, S=2h 3 0Fai2) Q# SSil ^§51 iaE^y5^= 9?1I0IQ. MEiyOfl 2{ 

oiAi, s4^5joi iiEiy sgolu as ma mm sss oii; smg saoii umM ai§sf * sia. 

?|I|IAlEUstorage capacitors). 2rS3« 7|2jdfc:XKferroelectric mmty devices) £ES UB ^EH2J S 
SSh^OI, g D€ 25!5|S :?5il|2F ^kaia l:^°te^ :;2iQi| a °^«oi -^Sl 4= °!CK &g7;^S^ 

9, a%mn ess ssms s ^^sej ^^ilhoaai 5.mtm aoiD. iKfAi, oi^tei thai LHg s a 

on CHt? ^Slg BXI 0)1 All $ltJ 2^' S g^2l S9|g Hlt]«>S 2J0I OfeJS ggOID. S 
S ^7^91011 2J51I §2jaQ. 



1. a) ?II0|E2 = ; 

b) ?1I0IMS^ Ol-aiOil ^0173 StU m^J\ 5Ss iH^S^; 

c) mi s^s 5as^s m s?3a#, ^12 siis stfsfs fli2 S23iii#. S! «ii ssis 
mi 5tmu2 ?oolM^^2^ mys^ j^chpi awkh «3 ssi-ii#i 5t^s^s ?iioim s 

?5jll ibSJl 5«^S^•S MOS MSJXIilrEI. 

g^tj 2. a) ?i(Hi ^01X1 sti! i§# ±m\= m\ ssai#; 

b) XIII ssiflg ^lofl ^oi7;i Sin 12 saai sis 5t^s^s ^112 saais; 

c) m s «i2 ^^loii ^oiTa sin, :«ii ssa s§i stilts sis ssxiis; s 

d) ssfli ?iofl ^oi« 2is stjsfs a# sssfl ±i^m ^trshs S5<sis(ic)§ :?5ai. 

S^tJ3. 12*r0ll 21CHA1, 11 °2x-|| 1^01 ZrO.-, HfO.^, TiO- S TaL-OsSS Ol^OiS 32g^E1 <3 
ejflll, SI2 S2ai ll'OI Al,a, AIN, SIN, SI.H SiO.-^S OI^CHS 2SS^E1 d^-!!£IS =!^'^m. 

g^tf 4. xll^i,^oll siOiAi, ail ssjii iioi Ai.-a, ain, sin, si.ns sio-ss oi^oia a^e^ 

El fiajan, «2 ^SSa ISOI ZrO.v HfO.-, TiO.~S TaA^S OI^OIS 3«S^E1 d^EIS ^Sffl. 

§^^►5. xii25^oii sioiAi, 7311 ^mm^ ^m7\ 50 ADisrsj ^^ai. 

6. ai2*'-0ll SiOIAI, XI1 1 SSxfls£| =)!ii:?| 2 LHXj 5 A°l 75^1. 
S^t."- 7. 12iM)1l aOIAI, «|2 SS*I1#°J ^IHPI- 50 A OISi^" 
8. «2t.K« StOIAI. ai2 SSili#2l 2 LH^J 5 A°! 

s^tr 9. n2^m sioiai, «i ssiii«2f a^sa 7is Awioii ^sraa ifsf s^i sti«^s 
^5ai. 

S^tf 10. »191^(HI SiCHAI, A^t^ ^wqI §t^^EI^2^ ^AlgSFfe'EIS^S 01^012 3^Si^E1 Aiej 

as lis 01^012 7iai. 

s^t.^ 11. M2*fOfl aoiAi, efsxil :jie2i- aiokhi, ^21 ii'#2j X112 S3i-ii iigoi a 
CHS §«a ^4^7H2i #01 fergsao) sis ^5ai. 
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M=f^ 12. j&utm sioiAi, jams ^<i:iH°j ssj gt,^ 20 lhxi 200 ^sa. 
13. a) 9^ as *i(Hi SI1 

b) 391 ^BM^ 9\m M2 S^^mm B^fl; 3! 

c) ^2 Skills 9ICKI. ^1 ^OSg SSil Sthe^^ 733 ^Sa§§ tiSSI^ BPI 

s^t.^ 16. m\?mi sioiAi, »ii Bn=. # sisjsis oigdfoi m\ 

§^t» 17. fllll^HW 2{0IAI, X112 SSaiSS &?fl^, S SISIBg OlSSKM «I2 

2D. M\mW ?XQ\M, flll 2^ifi:'h W^l-Slti^s? (self-limiting) B^'#£SA1 iRtl^ . 
21. ^^18|^0^l SiOlAi «ll 2^ai7l^ ZrCU, Zr(IOPr)4 §1 Zr(tiTihd),S 01^012 5^S^Ei 

oigsfe wa. 

S^tf 23. X1I22*^0II SiCHAl. M\ E^2!2^ ?ai2 E^23!S i:ffl£^i!g^^ M?m AlEltHI 2|$il g^g, 
S^tJ 24. »l22*H)jl SlOtAI, >riHE1§# i^5^ M#I7I0I|AI i>tS5f^ gfg. 

g^tj 25. xiiist^cHi SiOiAi, mi s^iaae §So^s xiii Efa mmm ^gsj Al^^ s^" 
Ai3i^ ojgsm, X12 ssai## s^o^^ H12 eb!! 111 4:g2i Ai^f sei s^-^aiji^ 

g^tJ- 26. J1125*rtNI SiOlAi, flll E|-2!!2h 7^2 E^2!!£J IS" Al^^§ /^EltHI 21611 5gSfe Sg , 
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